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I 
摘要 
窄带雷达具有全天时、全天候、远距离探测等优点，即使在复杂的环境下也
能完成其他系统（如光学系统）难以胜任的任务，因此，在军用和民用领域得到
越来越多的运用和关注。高精度测速测距作为雷达信号处理中的前沿课题，对后
续的雷达成像和目标识别等起到了重要的作用，拥有显著的军事价值和科研意义。
因此，本文针对窄带雷达高精度测距测速技术开展了以下工作： 
(1) 以窄带雷达系统中常见的线性调频脉冲信号为例，详细描述了雷达信号由发
射至后续信号处理整个过程的理论模型，为进一步阐述运动参数估计方法奠
定基础。 
(2) 最大似然估计法具有理论上最优的估计精度，但是将该方法应用于低脉冲重
复频率的窄带雷达系统时存在严重的速度模糊。为了解决该模糊问题并初步
确定目标的速度搜索范围，本文提出了一种基于带内互相关的速度估计算法。
随后，对互相关前后的信噪比变化进行分析并推导了该算法的最小均方误差。
在此基础上，根据最小均方误差，推导了互相关运算的最优间隔点数。最后，
通过蒙特卡罗仿真对基于带内互相关的速度估计算法的性能进行分析和验
证。 
(3) 为了降低最大似然估计法在距离维上的搜索量，本文引入一种距离粗估计算
法对目标的距离搜索范围进行初步确定。最大似然估计法是点估计算法，算
法的估计精度和计算复杂度之间存在矛盾。通过快速傅里叶逆变换与 Chirp-
Z 变换理论化简似然函数的计算过程，降低了最大似然估计法的计算复杂度。
最后，通过对各算法进行整合提出了一种单目标距离、速度和加速度联合估
计算法。仿真结果显示，该单目标联合估计算法的估计性能稳定并且精度可
以达到克拉美—罗下限。针对多目标运动场景，本文将单目标联合估计算法
和 CLEAN 算法相结合，通过逐个剔除强目标信号，从而消除强目标对弱目
标的干扰，对所有目标的距离、速度和加速度进行估计。通过蒙特卡罗仿真
实验可知，基于 CLEAN 算法的多目标联合估计算法可以对各个目标的距离、
速度和加速度进行有效估计。 
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Abstract 
 Narrowband radar can work all time, all weather and provide long-range detection; 
besides, it can finish the tasks that are difficult for some other systems (such as optics 
system) in a complex environment, which makes radar more and more popular in 
military and civil fields. As a frontier research topic in radar signal processing, high-
precision range and velocity estimation plays a significant role in target recognition, 
radar imaging and other fields and has important military value and scientific research 
significance. The main research in this paper is focus on the high-precision range and 
velocity estimation in narrowband radar and the main work is outlined as follow: 
(1) Linear frequency modulated signal that is common in radar system is taken as an 
example. We describe the signal models of radar system in detail from the 
transmission to the subsequent signal processing, which paves the way to the 
motion parameter estimation discussed in the latter part of this dissertation. 
(2) Maximum likelihood estimation has the optimal estimation accuracy in theory, but 
there is serious velocity ambiguity when this method is applied in narrowband 
radar systems under low pulse repetition frequency. In order to solve this problem 
and set a velocity search scope for maximum likelihood estimation, a novel 
velocity estimation algorithm based on in-band cross-correlation is presented. 
Then the signal-to-noise ratio before and after in-band cross-correlation is analyzed, 
and the minimum mean square error of the algorithm is derived. Meantime, the 
optimal interval number of cross-correlation operation is obtained based on the 
minimum mean square error of the algorithm. Finally, the properties of the 
proposed algorithm is analyzed and verified through Monte Carlo simulations. 
(3) In order to reduce the computation load of the maximum likelihood estimation 
method in the range dimension, a coast range estimation method is introduced to 
set a range search scope for maximum likelihood estimation. Maximum likelihood 
estimation belongs to the classical point estimation methods, which has the 
contradiction between computation complexity and estimation accuracy. Then, 
inverse fast Fourier transform (IFFT) and Chirp-Z transform (CZT) is applied to 
simplify the calculation process of likelihood function, which makes the maximum 
likelihood estimation run faster. Finally, a single-target joint estimation algorithm 
for range, velocity and acceleration is proposed based on the above algorithms. 
Experimental results show that the performance of the joint estimation method is 
stable and can achieve Cramer-Rao lower bound. In order to adapt to the multi-
target application scenarios, the multi-target joint estimation algorithm combined 
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the novel single-objective joint estimation algorithm and the CLEAN algorithm is 
presented, which can achieve the joint estimation of range, velocity and 
acceleration for all motion targets by eliminating the strong target signal one by 
one. The numeric experiments show that this method can effectually estimate the 
range and motion parameters of multiple targets. 
 
Key words: Narrowband radar; range and velocity estimation; in-band cross-
correlation.
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